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An _nvestigation w_s earl'led out in the Lmugley

two-dimensional low-turbulence t,mnnels for the Ourpose
of developing an optimum fla> configuration for maximum

lift on an sirfoi! section for the [{epublic XF-12 airi01ane

equioped with a double slotted flap. Lift and flap
loads were obtained at several glso deflections for two

flso _sths. Drag charactepistics of the section with
flaps retracted were also determined.

A maximum lift coefficient of 3.!_3 was measured

for this airfoil-flao combination for a fla_ deflection

of 60 ° at a Re yno!ds number of i_ million. An investi-

@ation of flap and fore flan confi_uratlons showed that

the configuration for which this maxim_mm lift coefficient

was measured was very nesr![- the optimum, i,Taximum lift

coefficients were sho_,m to increase with Re yaolds number
for all deflections except the best maximum lift

deflection, at which a decrease in Red,molds number from
i_ million to 3.5 million caused sau increase of about

O.1 in maximum llft coefficient.

INTRODUC T ION

At the request of the Army Air Forces, Air Technical
Service Co_m_and, tests have been conducted in the two-

dimensional low-turbulence tunnel end the t_vo-dimensional
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low-turbulence oressure tunnel on a 57.5-inch-chord

model of a wing section of the Republic XF-12 airplane.

The model was equipped with a double slotted fl_p

which was designed to operate with a variable position

of the fore flap with respect to the flap. The section

at the station represented by this model is Intermediate
between the Republic R _,J_O 318 1 and R-_,)40 _13 .6
ai rfol ls.

Tests included m_. investigation of f!an and fore

f].ap configuratici_s for maximum lift; lift characteristics

at several flsp deflections for two flap paths, and flap

and fore-flap loads. The el'fact of Reynolds nun.lber and

standard leading-edt[e rou,_hness on the lift and drag

characteristics wePe .ieter_:ined for several cow, figu-
rations.

_L ;', 7T_L,'.ka

c

G,o

Cd

cz,

c Z,max

Cnf

Cnff

c
cf

Ccff

airfoil chord

section m_le of s_tack

section '_',_o_ co _-'......o e_ • icient

section lift coefficient

section _laximum lift coefficient

flap normal-force coefficient, based on flap
chord

fone-fl_o normal-force coefficient, based on

fore-flap chord

fla_ chord-force coefficient, h,ssed on flap

chor_

fore-flan chord-force coe, fficienb, based on

eore-fiao chord
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cmf

Cmff

Xff,yff

xf,yf

flao moment coefficient about flap reference
point, based on flap chord

fore-flao moment coefficient about fore-flap

reference noint, based on fore-flap cmord

Reynolds number

deflections of the flap and fore flap,

respectively, measured from the wing chord
line

horizontal and vertical oositions of tree fore-

flap reference point measured from the most

rearward station of the wing slot in percent

of c, positive to the rear and below,

respectively

horizontal and vertical _._ositions of the flap

reference ooint measured from the fore-flap

trailing edge in oercent of c, oositive to

the rear and below, resoectively

MODEL A?_D ZETUODS

The model was constructed by the Republic Aviation

Corooration to the ordinates given in table I. The

flao alone had a chord equal to 0.2}_c and the fore

flap alone had a chord equal to 0.092c. Figure i shows

a sketch of the airfoil section, the flap, and the fore
flap. The foreward oortion of the model was constructed

of laminated mahogany. The flap and the fore flap were

constructed of alu_in_n alloy. The main wing section
and the flap m_d fore flap were orovided with flush

pressure orifices at several stations along the mid-
scan of the model.

Flao and fore-fiao configurations for each of the

flap oaths are shown in figure 2. The second path was

designed by the contractor to provide low operating

loads and will be referred to as the modified flap path.

The 60 ° configuration sho_n for the ori_inal flap oath

is the roosition found to give the hichest maximu_a lift.

Lift and drag tests were made by the methods described
in reference I. Pressure distributions were read
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directly from a multiple-tube manometer connected to
the model oressure orifices, jhe orifices were filled

with glazin_ putty for all but the pressure-distribution

tests. Because of time limitations it was necessary to
run both the lift end oressure-distribution tests for

the _odified flap path concurrently.

D_ta were corrected to free-air values by the

followin_ equations in which the :_rimed quantities
reoresent values measured in the tunnel.

cd 0.9C4Cd'

.OZ= 0 _3c ZC_

a o = 1.036a o'

A complete discussion of these corrections as

applied to data obtained in the two-dimensional low-
turbulence tunnels is contained in reference I.

Flao end fore-flap loads were obtained from

integrations of pressure-dlstribution diagrams. The
large amount of pressure-distribution data obtained

is not presented.

RESULTS AND DISCUSSION

Lift.- An investigation was first carried out to

determine which of several configurations of the flap

and fore flso would orovide the __,_st maxz.m_z_ lift

characteristics. A configuration which was considered

good was set up and systematic variations of the
various Oarameters were investi_ated. The values of

these _ara:_i6ters for the original configuration are
sho_ in the following table:

6ff = 25 ° 6f = O0 °

xff = -0.2_ xf = -2.5

yff = 2.0 yf - i.5
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The effect of fore-f leo deflection is shown in

fi_'ure ,-Z(a) Fore-fla. _) deflections of 20 °, o50

end BO ° were investigated, all ot_er parameters being

kept constant. These results show that using a fore

el_p aoflection '_ui_i_er than 25 ° would cause an appreciable

dec_e__e in tile maximum lift Changes in the _oosition

of the flap m_d fore flap _s a unit were then investi-

gated. The ms_,_-imum lift coefficients ere olo_ted in

figure 5(b) as a fu_nction of the horizontal and vertical

_)o._itions of the fore-flap reference 0oint. Tlle

__ighest itsxi..,n_<_lift was obtai__ed with _he fore-flap
reference r,oi_t 2 _erce_:t below _ -_an_,,0.5 percent behind

the trailin_ edge of the main win_ section. The fore

fla.o v,.'as _nen ileld at th-Js pos__lon end t_e flap rotated
about its reference _:oinZ. T_e li_"t characteristics at

fifo deflections of 5_ °, 6C °, and o5 c_ are sho_ "in

figure i4(a). The maximum lift is s_o_ to increase

gradually wit}_ fla._ deflection but the lift curve obtained

at 65 ° shows a smell break st about 0 ° angle of a_tack.

T _ ___._o _]eflection was therefore ii_,:ffted to 60°• V¢ith

the fore flan at its best position and the _?la_._and

fore-fish deflections st 60 ° ._.nd25 ° , respectively,
the f!a_ oosition was vasied. _,Taximum lift values are

plotted a_alnst the fla_ ",_osition pa__smeters xf and yf

in figure _(b). The l-_i_hest maximum, _.lift obtained was

3.56 with the flap 2 percent belo',,,;s_d 1. 5 percent

, _ , d_e It is realizedforward of the fore-e!ap t_ _.,mlirt_e _ .

that this survey of flap and fore-flap confi£'urations

is not com._:lete s__d that slightly hi qher values of maxim_m

lift might be obtained by a more extensive investigation,
but the final configuration is believod to be verl,_ near

the optim_ui_ for msximu_ lift.

A come, arisen of f'igures _ and 4 shows that gener-

ally this double sl_tted flap _s more sensitive to

chenges in position and deflection of the fe_:e fls? than

of the f!ao. A decrease of app_o__timately 0.2 in r,taxi.mmn

lift is caused by a ! percent movement in eftthor the
vertical or horizontal directions frown the best fore-

flap position while a decrease of only O.15 is caused
"by a total movement of ,_ percent horm_ontally and

1. 5 _)ercent vertically from the best flap _osition.

Lift chsracterlstics for the best fla,_ configuration

at several Reynolds nm,_be_s are show_ i,._. figure 5. The

maximum lift _s s_ewn to decrease fro_:: _.5 $ at a Reynolds
n_,_._r of 5.5 million to _.]$3 st _ million. It should
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be noted t=_at t_e ortimum oosition was found at a

Reynolds number of =_.5 million. The o,otim;mn position

at other Reynolds numbers might be slizhtly d_ifferent.

Lift characteristics for _lap deflections of 0°

20 ° , 40 °, ,and 60 ° are shown in figure 6 for the original

flan p_,th st Reynolds n_uubers of _7.5 and i'_ million in
t_le smooth conJition and with standard le-_ling-edge

rou}_;hness for tn_ "_i_her Reynolds number. Fi<ure 7 shows

ti_e lift c_ia_acter±_tics at severa' fl_n deflections

for the modified flan oath. Data for this _].ao ,oath

were obtained only at a 2eyno]ds nu_r_ber of _.5 million
and the maxim_un lift values _-a,_.., b_,_,_li_]_tly io_;'b_cause

of slisht surface "_re_,ulerities _ the eden oressure
orifices. Vs!ues of the mmxi.mLmm lift are shown in

fiTure @ n!otted _c'ainst flao deflection for each of
thase conditions. The effecb of increasing the Reynolds

number is shov_ to be favorable for ell but the best

ma_immm lift confisuration end the effect of roughness

is shown to be less on the best maxi;;_tLm lift configuration

ths_ on an, other. A co_,_2erison of the thre_ sets of

lift data in _'_o,_;r 0 sho,;_s teat st t-'_e low f±.,p
deflections the scale effect is confined to the maximum

lifts while at t;te higher clef!actions the whole lift

curve is s,_mf_ed downwsrd by _ ._ncreese in Reynolds

n_moer. In most cases t_e roushness e%fects only the

maximtuu lift. The fact that the curves of maximum

_ defletion for the original flaplift ._ssinst fl_,__.... c _
'_ _..... • si_ar_l,_ at a deflection

path _.re irregulsr and o._a,, ra ....r ....
of 60 ° narticu!srb_ at a Reynolds n_mr_ber of =_,5 million

can be exolsined by t]_e fact that, at t!_is deflection,

_ne fl..,.,and fore flap are st, or v-_r"_ near their
l .°

optimu_;_ configurations wn_l_ -__,_ other deflections,

. -- • , _, i _.'_their confic_t_ons are deter_uineo, by _.... flao retracting

mechanism.

Drag.'- Figure 9 shows the drag characteristics of
this a--_foil section with flap retracted at Reynolds

numbers of _.5 and l_ million and at 14 million with

standard leadlng-edge roughness. A comparison of the

data in this figure with data previously obtained on
other almost slm_lar airfoils at lower Reynolds numbers

shows that the minimum drag of this section is slightly

higher than that of the Republic R-_,40-_18-1 airfoil

but that the effect of roughness is considerably less.

The difference in minimum drag in the smooth condition

may be explained by the slight amount of unfairness at

the flap and by the fact that the flap-alrfoll Joint
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was not sealed against the possibility of leakage. The

increments in _dnimum drag caused by roughness are

probably dlffe_ont because of the difforenco in Reynolds
numb _r _.

_',........] _orce,

,:'oeff cle, n,;:_: ros:t;uc_:!.vely, of tJ,e flap and fore flaf e.t

v._r:io,_s Elm*. deflections for' _ach of _he t lap ?atLs
ar.s '-,reaented in t]::ures i0 to 12. No !osd dsta ere

sl-_ovc:, fc,.t:. b!_e, fore f!a,', st tKe 2() ° _i__, ,-leflection _7:[Lh

' _,"_. ce at _n±s eonCi__7_.r _'-'thr-,..........n_i¢inel _lr,_, pp. tJl_ , , ___on,
t:< t-',_r,_.: f!_" i:: c,:,_<r,ictely :-.,tall_d.

Yo uni:!'cr-,_",,%ri_,_tien in the Io_/1 c _....... m_._ _tics with
.. . c._.;rJ., O:_O_d_S, 9 0_' _"'-'"- ., o_.u radical

. .,_o. snd fore

fi-"":, t]_:_t ",,',cur .-"s t':._ _"_'_ _e_'lection is .'_:i_r,&_ea, The

20 ° _" ,j I._ __. ' "]. :.n , er' c i:._ on ...':" _" '.:,,_e ......,," fie.d f'!'4o -_L,th _i e

Or.,_ZS :_:i ., -:";-_' "r'_c" i]i.q !-'.9 _'_ "" "tlk f,i__,q/,:-e *-_.......... _: ,:_e: g': te .. u.:_,, ,,,eloci-
%los ......OCOL:"_ :::I:_..I±:X.K";-, ' q_,., ":1; i,h .....It,"; v..'..,_oe-_ t_:o_o over t!%o
r(•;or _,(;r;;ion cf :.i<.£: '.n"e _iar,. _..k c,}ne!usiL)r._ -tq.%- ha

'" '"_:_:_r t}:,e ..... :'f]_ i .f ]._T) ' +<!I''_'V,'Yl ON To,.. _.:::, _ .,_.,,_. _, . '_:'CL_I. '._'_.@_,='')_1, S
;FO_,:. , -'.'1,l._ ",.1% l(.)a'J ,3:.:.:,Y P;3 5CPL':% 1: f:S _'_:I: t.___S _'-.?.?_ L_l'qr'

,le:;i_:_ thin t}:e o'_.iclp..:._i ._qi,.. sk_ee t.;:2s v;oulq involve

.... -,-_ ,..,._@ . _ ,I/:,_<L ii9 i3}__e 7'@_.r'6:0 "t_",o.._t_
r:Lcohg.r]#srr.. ,Tt s}<ould be n,oi --_.*.,_..1h'L rt o, rria<imt.um noPrrs.l-
*'_ .... coe_Cf! i:_'n .... .... )f _r ..... c t o.L or,.kr 5.0 is :;qtrino., on the

.............. _...en _r: r:esi,.Tn r,F _;-

......_ :. l_'.,., N . ,.O ..... -._ .-q :Tt.ptlotqtre. sLLf-

_:'jn_alit]._, _,'_,_ -_,-' t:; rrir_iutrin th..-_ so!e:r.:_:ncas q}--'.q-_ to

._.__,LL,_ .,i, ,., R.£:ARL(S

}7 :_-.ine;-"_.-,'_ ,_o,I,_" of J-_,-: se _ ,
Ffenu'c_kic ,',..t"- : n'r'::,_,r:,t.._, e:tu:'p!:._,.s v/±;s}. ._+ io_:.bl,_" '_:].ocoed
J:'!r'_ :f,,a<' % _' " +:,'.,

:ob'._F] Jr] Lt:-'.."'i '"' J-''_',rP--';-'i.r[i6D[n. L3 :.$nol -, _,,-

turb_].,-;nce t._'T:n_x. A ,. .... :J c ..... _::urs.!ion ,:,,r,:< develo-)ed

}'l_'i•fi :;ii i%! k'_'; Lt1,:_V.;(L_,_ _"'.. be_ V __y,_..., Ileal'.. £.!:,:.' oot ii".u:_: f'or

_ _' " "_'" ' _ " " _i*t .oeffl-
(:-;e_!t ,_f' - _'_ s_ a '.{n'q_ "_ _ " ....... OT "'...... .... z .... ZiIl_,_'.,,,sZ !-tl "-,i.,.......l I( on. T_ie

b'_RX.I:D'._r ......'L '.-j]' I; f";;' &;]_] ,if_f'l¢:,';t,/ d',:'l.¢ _ ;<'r'<')t....... "'.r_._ best maximum
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lift confi_ur_t, io:_ _,_'ss::hown to increase with Reynolds
nu_:_ber. The maxinur_ l! t coefficient for t,!_e optim_u._

co;_fj_uration is sb_o_,vnto be approximately 0.i0 higher

at 7,.5 million thar_ at 14 million.

La_l_r_: _]e_.oriel A_Jronautic_l Lab,orator _•
Yation_! Advisor.v Corr_mL_tee for Aeronautics

Langl _,_ Fie]d_ Va
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TABLE I

ORDINATES FOR WING, FLAP, SLOT, AND FORZ FLAP
_Stations and ordinates given in percent of wing chord]

Station

0

1.25

2.50
5.oo
7.50

i0.00

15.00
20.00

25.oo
3o.oo

5.oo
0.00
5.oo

5o.oo
_5.oo
0.00

65.00

7o.oo
_5.oo
0.00

85.oo
9o.oo
95.oo

100.O0

Wing Section

Upper Lower
surface aurfaae

0

1.627
1.966
2._86
5._&6
4._95
5.UOI
6.611

9 ._54
9.9_

lo.22.3
i0. 361

lO. 329
i0.124
9.76h

.668

.945

_'. 987
1.531

• o19

0

_.12}
_.651
5.43o
.955

6.627
6.619
6.526
6.28_

5.95_
5.537
.011
.ho8

5.7i5
.976

2.195

.019

L.E. radius: 1.850

Slope of-radius through L.E.I o. i33

Slot

Station Ordinate

69.377
69-377
_9._25
69.925
70.219
70.812
Vl._O4
72.590

? 'gk
_81516
80.887
85.256

85.627
86.8_
88.z28

-&._3o
-2.419

-._51
.lO7

1.83_
2.67_

2.958

3.598
5.768

5.739
5.632
3.h32

Flap

Upper surface Lower surface

Station Ordinate

.33o

83:25 
85.627

86.8_
88. ].28
9o.ooo
95.000

lO0.O00

I. i01

1.97_

2.976
3.49l
3.662
_.6z6
.4o8

2.987
1.5_l
.019

Station Ordinate

7y._o
7_.516
9.77_
0.ooo

85.000
90.000
95.000

lO0.O00

2.8_2
5. 022
.011

2. 976
2.z9_

_o19

L.E. radius: 1.912
L.E. radiu@ below wing chord line_ 0.925

L.E. radius aft of wing L.E.I 78.058

O. 092o 1

O

O O

Fore Flap Dimensions

NATIONAL ADVISORY

COMMITTEE F011AIIOIi/UTICS
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Figure _ .- Llft characterlstlcs of a wing section of the Republic _-12

airplane equipped with a _ouble slotted flap at various Reynolds
n_bers. Opt_n_n _axlm_n llft co_flguratlon. 6f = 600; xf : _i 5;
yf = 2.0; Off = 25 ; xff = .5; Yff : 2.0. ' ""
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.................. i

Figure 6 .- Lift characteristics of a _ing aection for the Republic XF-12 airplane _ .' .1
equipped with a double slotted flap. Original flap path. -
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Figure 7 .. Lift characteristics of a wing section for the Republic XF-126alrplane ;

equipped wlth a double slotted flap. Modified flap path. R = 3.5 x l0 (approx.). t j1

1 I , , i ' ] I I I
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3.6
| I I i i I [ I i

Original flap path; R = }-5 x i06 _-=_-_

1 I "
/3.2 q,

,, .d/

o_ : ; Original flap path; R = I_.O × 106 --

1.6 -__Original flap path; R l_.O × 106;

1.2 --
k

O
_H

4]

O

CO

Modified flap path; R = 5-5 × 106 --

.8

o J !
0 lO 20 30 )4.0

NATIONAL ADVISORY
COMMITTEE FORAERONAUTICS-

i, , I
5o 60 7o

Flap deflection, 6f, deg

Fi_ure s .- Maximum section lift coefficients at various flap
deflections for both flap paths.
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I

Flap path

i. i. Original
- - Modified

:_:i. Section lift coefficient, c_

ii-r li

(a) Fore flap

....... i. Section lift coefficient, c_ !

.............. ! NATIONAL ADVISORY

-- (b) Flap i COHNITTEE FOE AERONAUTICS i

t

Normal coefficients of flap and fore flap for wing section of the i-force

Republic XF-12 airplane. _._.__

................... -- .... • .L _ 2........... i_ILLL_I._: _ . _ :
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8ectlon llft coe£flclent,

(a) Fore flap.

Section llft coefficient, c_

Flap.(b)

Moment coefficients of flap and fore flap for wing section of the

Republic XF-12 airplane.




